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This report presents the charmcteristics of a mechanical system that may

be used to represent the effects of fluid sloshing in spherical coanteirers.
This equivalent model may be used to nhmlif:( dynemic stability analyses

vhich should include the effects of fluid sloshing in a spherical tank.

For syster stability anslyses including the effects of fluid sloshing, the
forces and momsuts produced by the sloshing fluid are of the utmost importance.
It 1s therefore, the forces and moments that are used as the similarity
paraneters between model and prototype. The model that is developed is an
equivalent spring-mass system which has been used to represent the charscter-
istics of fluid sloshing it many other types of fluid containers.

Meny of the spherical {tank sloshing parsameters presented in this report were
taken directly from Referernce 1 . Theses parameters are indicated throughout

the report.
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Sloshing foree-positive right

Total mess of fluid in econtainer

Amplituds of sinuscidal translation

Frequency of sinuscidal translation or rotation
Mass density of fluid in container

Width of the free surfsce of the fluid

Modal peraneter (Reference 1)

Amﬁtm«:rn-%mdu sloah height at the free surface
Mutmun&m

Accileration due to gravity

Moda) parampter (Reference 1)

Radius of spherical tenk

Sloshing moment sbout origin of coordinate system-positive
oounterclockwise

Amplitude of sinusoidel rotation about origin of coordinate
systen
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2.1

INTRODUCTION

The spherical tank sloshing parsmeters presented in this report were
darived from squations and graphs given ¢n Reference 1 . The results
presentad i{n this reference were analytically derived for nearly full,
balf full, and nearly empty spheriecal tanks, and interpelated for
intexmédiste results. The matural frequencies parameters for the
fundaments) sloshing modes have been experimentally verified. The
analyticsl treatment 1s based on an integral equstion approach and
makes use of the fellowing assumptions:
1) ¥Non viscous, incampressible fluids
2) Irrotatienal flow
3) Smooth wall, rigid tanks
' h) Seml) amplitude exciting oseillaticns
Replacing the fluid by an equivalent spring-msss medel requires
constdaration of the forces snd momemts yroduced on the container valls
by two types ofmotionofthepr#to‘hypemdmodel- These motions are
1) Sinusoidal horizental motiom
2) Sinuseidal pitehing about the origin of the coordinate system
For the following derivations, the origin of the coordinate system is
taken as the center of the spherical tank.

SLOGHING FORCES FOR SPHERICAL TANKE

Sinusoidal Horizomtal Notion
The horizontsl force produced by the oscillations of fluid in & partially

filled spherical tank which is under going sinuscidal translstions is

glven by oo
3 ve
1) F = MAN? sin At JI?— Z b, 8 (Reference 1)
Bl




whare 2.2
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2) B, v A 8, = ég-é( (Reference 1)

Cozbination of equations (1) and (2) ylelds .
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This force must pass through the center of the tank regardless of

the fluid level. The net moment about the tank center is, thnerefore,

Zero.

2.2 Sinusoidal Pitehing Motion

For a sinusoidal rotstion of a partially filled spherical tank about
the tank center, the sloshing forees and moments are zere since the
. fluid is assumed non-viscous.

3.0 EBQUIVALENT MECEANICAL SYSTEM

3.1 Description
The mechanical szystem shown in Figure 1 consists of an infinite number

of spring masses n udaﬁxodmum.‘ﬂnspﬂumusm
constrained to oscillats in the XZ plane and parsllel o the X axis.
msnnu.pmmlmmnzazn. Mn’hds'onpoint
mass and is locsted at & - Z .

3.2 Forces zand Nowents
Equations for the forees and moments produced by the mechanieal systen
on its constraints for a sinusoidal treamslstion of the model and for a
'{. sinusoidal rotation of the model sbout the origin of the coordinate

system are &eriud in Feference 2 and mum in the following "ﬂﬂcm.
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3.3 Nquivalence

T™e foroe and momant equations for fluid sloshing in & spherical

container and for the mechanical system (designated by primes) are

as follows:

Sisusptdel Trenletion:
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Itmfommdmmhpmm‘dbyﬂummmmtnmta
be equal to the forces and moments produced by fluid sloshing in
tias spherical tsnk, the characteristics of ths mechanical system

must be given by

. Ja‘m’ ) my‘»”xa
xﬁ&t)-;)cﬁ 5, 3-1)
oo &
Iaﬂ x-'é nn
Zy = "ﬂ‘:
%z = 0

These paramsters are shown grapieally in Figures 1 through k. Pigure 3,
¥ass Chargcteristies of the Eguivalent Mechanical System, shows that
the higher modal nmmsses are negligible vhen compared to the first.

comc1asIans

The equivalent spring-sess model has often been used as a convenient
device for stuldyisg the effects of fluid sloshing on various dynaxic
systens. This report les presesmted a suitsble equivalent modsl for
fiuid conmtained in spherical tanks based ou the work dome by Bernard
Budfiansky. A model te represent the sloshing in circular canals could
2180 have heen presented bhased on the tmntimd work. The dsrivetion
of this modal and the results, however, are so similar that this was
not given.
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